The patient did fairly well until one year later when she was readmitted because of persistent fever. The liver was enlarged, but the spleen was not palpable. Neurological examination was normal. The course of the disease was complicated by increasing jaundice, anaemia, cardiac failure, and chronic diarrhoea. Oral intake proved inadequate, and intravenous fluids were given, but no vitamin supplements were administered.
Potassium and calcium values were below normal (K 2 8 to 3 6 mEq/l. and Ca 7-7 to 8 6 mg./100 ml.)
on several occasions, despite oral and intravenous supplementation. Finally, she developed left-sided motor seizures, but without localizing neurological residua, and then coma. She died aged 3 years. A spinal tap on the day of death gave a normal pressure, 7 WBC and 5 RBC/cu.mm., and a protein of 53 mg.1 100 ml. Drugs included multiple antibiotics in addition to methotrexate, leucovorin, cytosine arabinoside,mercaptopurine, hydrocortisone, prednisone, digitalis, and phenobarbitone. Necropsy. The body was that of a dehydrated girl weighing 13 kg.; there was no evidence of leukaemia. Signs of congestive heart failure were present, and the lungs showed an acute bronchopneumonia. Haemosiderin deposits were present in the liver, spleen, lymph nodes, bone-marrow, and lungs. There was mesenteric adenitis due to cryptococcal infection. The brain was slightly atrophic. There was dilatation of the lateral ventricles and congestion of deep vessels. Transverse section through the mid-pons at the exit of the fifth nerve root showed a 1 2x cm. grey, translucent area located in midline of the dorsal basis pontis (Fig. 1 was referred to this hospital because of poor intake and drowsiness.
She was semi-comatose, dehydrated, and in moderate respiratory distress. Weight was 28 kg. (over the 97th centile), and height was 102 cm. (75th centile). The liver was moderately enlarged. Significant neurological findings included generalized hyperreflexia, a left Babinski sign, and bilateral ankle clonus.
The following laboratory studies were normal: Hb, serum electrolytes, thymol turbidity, alkaline phosphatase, and proteins. Blood pH was 7-31, serum glutamic oxalacetic transaminase 170 units, and cephalin flocculation 3+ in 24 hours. Skull and chest x-rays were normal. EEG showed excessive low voltage fast activity. She received intravenous fluids during the first 36 hours, at the end of which time she was alert and oriented. She was then given a regular diet for 10 days, followed by a 500-calorie diet without vitamin supplement. Her intake was good after the initial 2 days of oral feedings.
After 22 days in the hospital, she seemed generally improved and was discharged, but was readmitted 2 days later because of respiratory distress. During the next 7 days her level ofconsciousness varied considerably. The neurological examination was otherwise normal. A positive pressure respirator was used to provide adequate ventilation. Antibiotics, including methicillin and ampicillin, were given, and hydration was maintained with parenteral fluids without vitamin supplementation. She died aged 34 years.
Necropsy. The body was that of an extremely obese child with abdominal striae and peripheral oedema. There was immense dilatation of the vena cava, and a premortem thrombus, firmly fixed to the endocardial surface of the right atrium, extended through the tricuspid valve into the right ventricle. The lungs showed multiple infarctions and scattered areas of pneumonia. Marked hepatomegaly with fatty dystrophy was present. There were recent splenic infarctions without splenomegaly and scattered foci of cortical necrosis in the kidneys. The brain weighed 1252 g. Except for generalized convolutional atrophy associated with passive ventricular dilatation, there were no obvious gross abnormalities. Significant microscopical findings were limited to the pons at the level of the exit of the fifth nerve roots. A rectangular area of myelinolysis of about 2 x 1 cm. was localized to the midline area of the basis pontis just ventral to the tegmentum. There was loss of myelin sheaths, but the axis cylinders and neurones were well preserved. Large numbers of foamy macrophages were found, but oligodendroglia were inconspicuous, and astrocytic proliferation was not present. Necropsy. The body was that of a well-developed girl weighing 18 kg. There was generalized hyperpigmentation of the skin, and numerous purpuric lesions were present over the distended abdomen and lower extremities. The lungs contained multiple mycotic abscesses which on culture grew aspergillus. In addition, multiple thromboemboli were found in the small branches of the pulmonary artery. The liver was much enlarged and showed microscopical haemosiderosis. There was no histological evidence of leukaemia.
The brain showed generalized convolutional atrophy with moderate dilatation of the lateral and third ventricles. Significant microscopical changes were limited to the pons, where there were both central and peripheral symmetrical foci of myelinolysis in the basis pontis (Fig. 2) . Fine linear pathways of involvement connected the areas in a T-shaped distribution. The corticobulbar and corticospinal tracts were relatively spared, and tegmental structures were not affected. Microscopically there was loss of myelin sheaths, diminution of oligodendroglia, and accumulation of macrophages (Fig. 3) . The latter were bulging with fragments of degenerated myelin. There was partial destruction of axis cylinders and neurones, but astrocytic proliferation was absent.
Case 4. A 10-year-old Negro boy was admitted to hospital because of weakness, joint pain, and decreased appetite. He was found to have sickle cell disease, rheumatic heart disease, and congestive heart failure. Treatment included digitalis, penicillin, hydrochlorthiazide, spironolactone and packed red blood cell transfusions. He improved and did fairly well over the course of the next 44 years.
He was readmitted for the last time aged 15, because of congestive heart failure. He had appeared chronically ill, and was jaundiced and dehydrated. His lungs were clear, but the heart was grossly enlarged, with a pansystolic apical murmur. The liver was moderately enlarged. He was lethargic but responded to simple questions; deep tendon reflexes were decreased, but there were no focal neurological abnormalities.
Intractable congestive heart failure persisted. Serum sodium was 96 mEq/l. on admission and remained below normal despite attempted intravenous correction. He had a generalized motor seizure, but focal neurological signs did not appear. A duodenal ulcer was treated with a bland diet. Oral intake was poor throughout the course, and supplements of folic acid and vitamin K were given daily. The illness was further complicated by recurrent sickle cell crises with increasing jaundice, and he died aged 154.
Necropsy. The body was that of a jaundiced, cachectic boy. The heart was enlarged; there was mitral stenosis and old rheumatic endocarditis of the left atrium. The spleen weighed only 3 * 5 g. and consisted merely of calcified fibrous tissue. The liver showed cirrhosis, multiple micro-infarcts, and bile stasis. Both kidneys were the site of multiple acute and old infarctions.
Gross examination of the brain disclosed generalized cortical atrophy and severe congestion, but significant microscopical findings were confined to a T-shaped area of myelinolysis at the level of the mid pons (Fig. 4) . The lesion involved the midline and most dorsal region of the basis pontis, with sparing of the corticospinal tracts. Within the demyelinated areas there were innumerable foamy macrophages, but oligodendroglia were diminished, and there was no astrocytic proliferation. The axis cylinders were poorly preserved. Blood vessels were normal though they were filled with sickle cells.
Discussion
The clinical and pathological characteristics of the present cases and of the 11 previously reported cases in children are listed in the Table. The patients died at ages ranging between 3 and 16 years; the first three presented in this paper are the youngest. The group, which included 8 boys and 7 girls, had a variety of chronic debilitating illnesses for periods ranging from 9 weeks to 5 years. 3 children had leukaemia, a disease not reported in older patients with central pontine myelinolysis. Case 4 in our series is the only one with sickle cell disease.
The aetiology of central pontine myelinolysis remains unknown, though a variety of factors has been implicated: malnutrition, alcoholism, fluid and electrolyte imbalance, vascular disease, drugs, and hepatic dysfunction. Most frequently, there has been some malnutrition, due either to inadequate intake or in association with a chronic debilitating disease. It is possible that a specific vitamin deficiency, e.g. thiamine, may be responsible in these cases. The concomitant occurrence of central pontine myelinolysis and Wernicke's polioencephalopathy, for example, cannot be ignored (Lopez and Collins, 1968) . Beyond this possibility there is little or no information regarding the specific nutritional factors that may be important.
McCormick and Danneel (1967) suggested that poor nutrition in general might have an adverse effect on the function of oligodendroglial cells, but this would not account for selective localization of the lesion in the basis pontis. Though the specific mechanism remains obscure, it is nevertheless well established that it occurs in poorly-nourished people. This is particularly evident among the cases in children, since 10 of the 12 cases on whom information is available were poorly nourished. Our Case 2, a 31-year-old girl who received only non-caloric beverages and vitamins for 3 weeks, followed by inadequate oral and caloric intake during the remainder of her illness, emphasizes the relation between malnutrition and central pontine myelinolysis.
Though it has been suggested that it may be due to toxic effects of alcohol, affected children have shown the classic lesion; an indirect effect of alcohol on nutritional metabolic pathways, however, cannot be discounted (Adams et al., 1959; Chason et al., 1964) .
The mechanism by which electrolyte disturbances and dehydration might cause the disease is unknown. Rosman et al. (1966) 
Summary
Central pontine myelinolysis, a pathological entity characterized by demyelinization in the central part of the basis pontis, may be a less uncommon disorder in childhood and adolescence than has been thought. 4 new cases, ranging in age from 3 to 15 years, are added to the 11 already reported. All of the cases in children had chronic debilitating illnesses. Diagnosis of the pontine lesion is rarely made during life because the disease is localized in a functionally silent area. One suggestive clinical feature is some alteration in the state of consciousness.
A variety of causative factors have been implicated, malnutrition, alcoholism, fluid and electrolyte imbalance, vascular disease, drugs, and hepatic dysfunction, but the pathogenesis remains unknown.
